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Background/Purpose: Preoperative templating is essential for the planning of total hip replacement.
Digital templating has gained popularity due to the availability of digital images. Scaling is the critical
step that calibrates magniﬁed digital images to the actual dimension, for subsequent digital templating.
We compared the accuracy of two scaling methods: (1) radiological marker; and (2) ﬁxed magniﬁcation
factor.
Methods: Forty-ﬁve postoperative radiographs in 21 patients who had undergone either total hip
replacement or hip hemiarthroplasty were evaluated. The sizes of femoral head components in the
digital radiographs were estimated using the two scaling methods. The estimated values were then
compared to the true values stated in operation records. The absolute error (AE) and relative error (RE) of
both scaling methods were calculated and compared.
Results: Both the mean AE and RE were smaller in Method 2 (ﬁxed magniﬁcation factor), and were
statistically signiﬁcant (p < 0.05).
Conclusion: We recommend ﬁxed magniﬁcation factor as the scaling method for digital templating.
中 文 摘 要
背景: 術前模板測量對於全髖關節置換術前計畫是非常重要。由於數位X光影像越來越普及, 數位模板測量法
也有更多人採用。縮放校準是使用數位模板測量前一個重要步驟。它把已放大的數碼X光影像校準至實際大
小。我們比較兩種縮放校準方法的準確度：1) 放射標記, 2) 固定放大比例。,
方法: 我們分析二十一個病人的四十五張術後數位Ｘ光片。他們接受了全髖關節置換或局部髖關節置換。
我們用以上兩種縮放校準法去估計數位Ｘ光片上股骨頭假體組件的大小，並以手術記錄作比較。從而計算及
比較兩種縮放校準方法的絕對誤差和相對誤差。,
結果: 方法２（固定放大比例）的絕對誤差和相對誤差都較低。
結論: 我們建議使用固定放大比例作為數位模板測量的縮放校準方法Introduction
Preoperative templating is essential for the planning of total hip
replacement. It aids the surgeons to restore hip biomechanics,
choose the correct type and size of prosthesis, and anticipate the
need for bone defect reconstruction. In addition, it can minimize
intraoperative complications such as implant malposition, leg
length discrepancy, and fracture.1om.
sociation and Hong Kong College of OrthIn the traditional templating technique, transparent acetate
templates with images of prosthesis were used. Usually, one set of
acetate templates with a single magniﬁcation factor (e.g., 1.2,
1.15) is provided by the manufacturer.
With the widespread use of digital image acquisition and pic-
ture and communication systems in most hospitals in Hong Kong,
the use of traditional templating has become less favourable,
because printout plain radiographs are not readily available and the
magniﬁcations of digital images are often unknown.
By contrast, digital templating has gained popularity due to the
availability of digital images and its ease of use. Studies have shownopaedic Surgeons. Published by Elsevier (Singapore) Pte Ltd. All rights reserved.
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methods.2,3 Most digital templating types of software have a built-
in template library of various types and sizes of prosthesis, which
facilitates its usage by different surgeons.
The key to successful preoperative templating is to determine
the magniﬁcation of plain radiographs, also known as scaling.
Commonly used scaling methods include radiological marker,4
ﬁxed magniﬁcation factor,5 and objecteﬁlm distance measure
ment.6
Radiological marker is the most commonly used scaling
method; a marker of known dimensions is positioned at the level of
the hip joint or over the X-ray cassette when the radiograph is
obtained. Examples of markers include a metal ball, metal disc,7 or
coin.8 If the marker is to be positioned at the level of the hip joint, it
can be placed either: (1) lateral to the patient at the level of the
greater trochanter; or (2) between the patient's thighs. However,
there are disadvantages with the use of a marker. Possible place-
ment error and migration of the marker can occur. Placement of a
marker between the patient's thighs can cause embarrassment to
the patient and radiographer. Occasionally, the marker cannot be
imaged completely in the radiograph, rendering scaling not
possible.
In the ﬁxed magniﬁcation factor method, the magniﬁcation
factor is estimated based on local data. There is a potential for error
in patients of extreme size, as the magniﬁcation is affected by the
distance between the hip joint and the cassette.
In the objecteﬁlm distance measurement method, the radiog-
rapher measures the distance between the greater trochanter and
radiograph cassette in each patient. As the focuseﬁlm distance
(FFD) is ﬁxed, i.e., the distance between the X-ray source and
cassette, the magniﬁcation of an individual patient can be
calculated.6
Previous studies have shown mixed results in the accuracy be-
tween different scaling methods.6,9,10 The objective of this study is
to compare the accuracy of two scaling methods: (1) the radio-
logical marker method; and (2) the ﬁxed magniﬁcation factor
method.
Patients and methods
The study design is a prospective study. Forty-ﬁve postoperative
radiographs in 21 patients who had undergone either total hip
replacement or hip hemiarthroplasty were evaluated. The pelvis
and hip radiographs were obtained using a standard protocol with
a standardized FFD in each projection. A radiological marker (metal
disc) of known dimensions (37 mm in diameter) was placed over
the cassette in all radiographs (Figures 1 and 2).Figure 1. The radiological marker (metal disc), 37 mm in diameter.The sizes of the femoral head component in the digital radio-
graphs were then measured in the computer workstation using a
CentricityWeb 3.0 viewer (GE Healthcare, Barrington, Illinois, USA).
Themeasured values were then used to estimate the real size of the
femoral head components using the two scaling methods.
Method 1: radiological marker method
The magniﬁcation of the radiological marker was ﬁrst deter-
mined by dividing the measured marker diameter by the actual
diameter (37mm). For instance, if themeasuredmarker diameter is
40.7 mm in the radiograph, the magniﬁcation of the marker is 40.7/
37 ¼ 1.1. The femoral head size is estimated by dividing the
measured head size by the magniﬁcation of the marker in that
radiograph.
Method 2: ﬁxed magniﬁcation factor method
A pilot study was performed at our centre which included the
measurement of 50 postoperative radiographs in patients who had
undergone hip hemiarthroplasty (Austin-Moore arthroplasty) for
geriatric hip fractures. The mean magniﬁcation factor calculated
was 1.12. This value was used as the magniﬁcation factor in this
study to estimate the femoral head size in the study population.
The femoral head size was estimated by dividing the measured
head size by the ﬁxed magniﬁcation factor 1.12.
The estimated sizes from the two scaling methods were
compared with the known sizes of femoral head components in the
operation records. The accuracy of the two scaling methods was
evaluated by calculating two types of errors: (1) absolute error
(AE); and (2) relative error (RE). AE was deﬁned as the difference
between the measured head size and the actual head size. RE was
deﬁned as the AE divided by the actual head size.
The mean AE and RE in each method were determined. The AE
and RE of the two scalingmethods were compared using theMann-Figure 2. The radiological marker was placed over the cassette in radiograph, just
lateral to the operated hip.
Table 1
Comparison of absolute errors (AE)
Method 1: radiological
marker
Method 2: ﬁxed
magniﬁcation factor
Mean AE 2.85 mm 0.88 mm
SD 1.08 0.56
Maximum AE 5.27 mm 2.31 mm
Minimum AE 1.15 mm 0.05 mm
SD ¼ standard deviation.
Table 2
Comparison of relative errors (RE)
Method 1: radiological
marker
Method 2: ﬁxed
magniﬁcation factor
Mean RE 0.07 0.02
SD 0.02 0.01
Maximum RE 0.12 0.05
Minimum RE 0.03 0.00
SD ¼ standard deviation.
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AE and RE in each method were also determined.
Results
The data is shown in Tables 1 and 2. The mean AE in Method 1
(radiological marker) was 2.85 mm [standard deviation (SD) 1.08;
1.15e5.27 mm] whereas the mean AE in Method 2 (ﬁxed magniﬁ-
cation factor) was 0.88 mm (SD 0.56; 0.05e2.31 mm).
Regarding the RE, Method 1 had a mean RE of 0.07 (SD 0.02;
0.03e0.12), whereas Method 2 had a mean RE of 0.02 (SD 0.01;
0.00e0.05).
The AE and RE of the two scaling methods were further
compared using the Mann-Whitney U test, which showed both AE
and RE were signiﬁcantly smaller in Method 2 (p < 0.05).
In addition, three radiographs had incomplete visualization of
the markers (6.6%), which were excluded from the data analysis.
Discussion
Scaling is the critical step that determines the accuracy of digital
templating. Most types of digital templating software can accept
various scaling options, such as radiological marker and ﬁxed
magniﬁcation factor. In this study, we showed that the ﬁxed
magniﬁcation factor method had a higher accuracy than the
radiological marker method, as demonstrated by smaller AE and RE
values.
However, there was a limitation in this study. Other commonly
adopted scaling methods, such as objecteﬁlm distance measure-
ment and radiological marker placed at the hip joint level, were not
included in our study.
The use of ﬁxed magniﬁcation factor has several advantages.
Firstly, it is easy to use. Secondly, there is no additional cost needed
for the radiological marker. Thirdly, it avoids the problems associ-
ated with the marker which includes marker malposition, incom-
plete visualization, and embarrassment with marker placement.
However, there are disadvantages with the ﬁxed magniﬁcation
factor method. Liaisonwith the radiology department is required inorder to use a standard protocol to take radiographs with a ﬁxed
FFD. The use of a ﬁxed magniﬁcation factor is limited to a particular
study region, in this case, the hip joint. Therefore, the value would
differ among centres and study regions and each centrewould need
to determine its own value. Furthermore, there is a potential for
error in patients of extreme size.
In conclusion, we recommend the use of a ﬁxed magniﬁcation
factor for the scaling of digital radiographs for digital templating
based on its high accuracy and ease of use.Conﬂicts of interest
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